CALIFORNTA DIVISION OF MINES AND GEOLOGY

FAULT EVALUATION REPORT FER-124

JULY 5, 1682

1. Name and loeation of fault.

Maacama and related faults, Purdys Gardens -
. %muﬁ1m7kj . . . .
Astl s , Mendocino and Sonoma Counties, California
A .
{aee Fig. 1).

?. Reason for evaluation.

Part of a state-wide program to zome active faults (see Hart, 1980).
A preliminary Special Studies Zones ($8Z) map of the Maacama fault has been
issued for the Elledge Peak quadrangle, northwest of the study area (California
Division of Mines and Geology, 1981), Several faults have already been zoned
in the Asti quadrangle (California Division of Mines and Geology, 1976; see
Figure 2).

3., List of referyences.

Blake, M.C., Jr., Smith, J.T., Wentworth, C.M., and Wright, R.H., Preliminary
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12), 5 pl., scale 1:62,500.
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Hopland, Mendocino County, California: U.S, Geological Survey Open-File Report
BO-662.
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recently active breaks along the Maacama fault zone between Laytonville and
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Field Studies Map MF-1217.
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B., ed., Rockslides and avalanches, 1, natural phenomena: Developments in
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Smith, T.C., 1981, Maacama fault, area of reported historic rupture: Califormia
Division of Mines and Geology Fault Evaluation Report FER-111 {(unpublished, on
file in the San Francisco District Office).

U.5. Army Corps of Engineers, San Francisco District, 1978, Maacama fault study,
Sonoma and Mendocino Counties, California.

U.S. Department of Agriculture, 1952a, Black and white aerial photographs, series
CVN, roll 2K, numbers 160 to 162 (1:20,000 scale). :

U.S. Department of Agriculture, 1952b, Black and white aerial photographs, series
C8H, roll 4K, numbers 75 to 85, roll 6K, numbers 47 to 59; roll BK, numbers
165 to 170: roll 9K, numbers 149 to 159; and, roll 10K, numbers 47 to 54
(1:20,000 scale), |

U.5. Department of Agriculture, 1963, Black and white aerial photographs, series
CVN, roll 1DD, numbers 22 to 37, 77 to 81, and 96 to 99; and roll 8DD, pumbers
96 to 113, and 145 to 159 (1:20,000 scale).

U.5. Geological Survey, 1973 and 1974, Low-sun, color aerial photographs, series
SFB 2, roll 1, numbers 133 to 146; and roll 8, numbers 76 to 85 (1:24,000 scale).

Upp, R.R., 1981, Map of the Maacama fault zone (preliminary) with appendix A, in

Holocene activity on the Maacama fault: Stanford University, PhD thesis,
work in progress (map filed with CDMG, San Francisco District Office).

4, Summary of available information.

The Maacama fault zone has been described as a series of right-lateral
faults along which movement has occurred during Holocene time (Harding-Lawsomn
Associaﬁes, 1977b; Pampeyan, et al, 1981l; Upp, 1981), Herd (1978) has suggested
that the Maacama fault zone is part of a larger system of faults, the Hayward-Lake
Mountain fault system, which bounds the Humboldt and North American plates, Accord-
ing to Herd, the Maacama is 'connected" to the San Andreas fault sYatem via the
Rogers Creek~Healdsburg, Hayward, and Calaveras faults to the south.

Gealey (1951) named the Maacama fault zome. He also cited evidence of recent
movement aleng the Maacama fault near Healdsburg, about 3 miles south of the area
addressed herein. The geology of the Hopland and Purdys Gardens quadrangles, as
well as that part of the Cloverdale quadrangle within Mendocinmo County, has not

been mapped in detail. Neither the geologic map of the Ukiah sheet (Jennings and
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Strand, 1960) nor the fault map of Califernia (Jemmings, 1975) show the Maacama
fault in the Mendocino County portion of the study area.

As noted earlier, a Special Studies Zones map of the Asti quadrangle has
already been issued (California Division of Mines and Geology, 1976). All of the
faults zoned were compiled from a map by Knox and Huf fman {1980, in press in 1976).
Their map did not‘cover any of the faults in the Mendocino County portion of the
quadrangle. They determined that movement has oceurred along the Maacama and
Chianti faults, as well as two unnamed faults (faults A and B, Fig. SD).and‘three
branch faults, during the Quaternary. At the time the 1976 maps were issued,
faults considered to be potentially active {Quaternary) were zoned. Presently,
only those faults that are "sufficiently active (Holocene) and well-defined" are
zoned (Hart, 1980).

The geology of the Asti and Highland Springs quadrangles {(all part of the
Kelseyville l5-minute quadrangle) was mapped by McNitt (1968). He depicted the
fault zones as coﬁsistiug of shorter, arcuate ("scalloped") faults (see Figure 3D).
McNitt mapped two zonmes of faults which partly coincide with the Chiaznti and Maacama
faults of Knox and Huffman (1980). He did not map any faults near faults A and B.
Also, he did not depict any faults as cutting Quaternary units.

Blake and others (1971) compiled a geologic map of the Senoma County part
of the study area. They modified McNitt's map slightly, but atill did not show any
Quaternary units as eut by faults in the study area. They did not map fault A.
They do show a fault partly coinciding with fault B as concealed by Quaternary
terrace deposits, however. They do not discuss recency of movement along any of
these faults.

Knox and Huffman (1980, actually completed in 1972) indicate that they

used the map of Blake and others (1971) as their principal source in the Asti



FER 24

quadrangle. Huffman and Armstrong (1980, p. 17-19) indicate that the clagsifi-
cation of the segments of the Maacama and Chianti faults 23 Quaternary was based
primarily on Huffman's interpretation of air photos. They state that fault B
(possibly part of the Healdsburg fault) cuts Quaternary terrace deposits. They
also note that Radbruch-Hall (unpublished) has reported that two fences, located
about 1-1/4 miles southeast of Big Sulphur Creek (Asti quadrangle), may have been
right-laterally offset by the Maacama faulr, but The pnecisc M}-‘SWMMZ{J"W

In an in-house memo, Huffman and Armstrong (1978) provided further infor-
mation on their evidence for recent movement along fault B {which they call the
Alexander Valley fault zome of Gealey, 1950). They cite the existence of faulted
terrace gravels, a tilted terrace surface, an eroded fault scarp, two right-
laterally deflected drainages, and one fault exposure in Franciscan materials.

The purpose of their memo was to summarize the results of a field conference with

D. Herd of the U.5.G.5. It is clear from the memo that Huffman and Armstrong
differed with Herd as to the age of the most recent faulting: Huffman and Armztrong
believed there is evidence of late Pleistocene movement while Herd did not. Huffman
and Armstrong concluded that the faulted terrace gravels were late Quaternary in
age; Herd and Helley believed these gravels were probably Fliocene or earliest
Pleistocene.

Herd and others (1977) delineated Quaternary faults within the Maacama
fault zone (see Figures 3C and 3D). Each fault they show is annotated with the
geomoyphic evidence they used to identify the fault as Quaternary. lThe overall
zone of faulting they depict is about two miles wide, and appears to cousist of
two narrower zones generally located along the Chianti and Maacama faults of
Knox and Huffman. Herd and others alsc delineated segments of fault A, and some

other faults to the north and west of fault A. They chose not to connect these
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individual faults, the longest of which is about 6000 feet long. They also
delineated some of the larger landslide=. S8everal of the geomorphic features
they cite are permissive of Holocene or Quaternary faulting (e.g., paddles,
trenches, benches, and scarps). They report sag ponds are present along the
Maacama fault in a few places, and:also along fault C (Fig. 3D). They do not
depict a Quaternary fault near fault B.

In the area studied, the map of Herd and Helley (1977) is essentially
unchanged from Herd and others (1977). Herd and Helley indicate that all the
faults they depict in the Asti and Gloverdale quadrangles are Pleistocene in age.
Their legend notes that Pleistocene units (10,000 to 2,000,000 years old) are
offset, but Holocene units remain unbroken by these faults.

Radbruch-Hall (1978), inldiscussing-downalope movement processes,
cited the existgnce of massive landslides between Hopland and Cloverdale.
She noted, "In this area the entire ridge that extends for approximately 10 km

on the northeast side of the Russian River, between Big Sulphur Creek (Fig. 3D)

and Pieta Creek (Fig. 38) is covered with active landslide deposits." She
. ce by # - ]
attributes the features along fault A Q-E.Ha-ﬂ-ey and others (1977) to this down-

slope movement. She further states, "Although at least one active fault is known
within a few kilometers of the ridge, there is no evidence that it extends through
the ridge top" (Radbruch-Hall, p. 634-636).

In January, 1978, the U.S. Army Corps of Engineers released a study of
the Maacama fault. Within the Corps' report were three other reports (Dames and
Moore, 1977 (see section 6); Harding~Lawson Associates, 1977a and 1977b). The
primary objective of the Corps' study and the Harding=Lawson study was to deter-
mine the overall length of the active Maacama fault so that the maximum credible

earthquake could be estimated. To delineate the Maacama fault (which they called



FER 2+

the Talmage fault), Harding-Lawson Associates primarily relied on aerial photo
interpretation, literature research, and limited field reconnalsance. In the
Hopland and Purdys Gardens quadrangles (Fig. 3A and 3B), they depicted the Maacama
fault zone in a generalized fashion, moting only troughs, closed depressions,
scarps, and springs. The faults they show mostly appear "ruler straight”, and
form a zone less than 6000 feet wide. In the southern part of the study area

they relied on the work of Herd and Helley (1977).

After the Harding-lLawson Associates and Dames and Moore studies were
completed, a 4.8-magnitude earthquake occurred near Willits. During the post-
earthquake investigations, Harsh detected evidence of fault creep in downtown
Willits, northno£ the area studied herein (Simon and others, 1978). BSubsequently,
quite convincing evidence of fault creep has been documented near Ukiah as well
as in Willits (Harsh and others, 1978; Pampeyan and others, 1980 & 1981; Upp,

1981; and Smith, 1981). Smith (1981, supplement) has reported evidence of fault
ereep in the Elledge Peak quadrangle about 4 miles northwest of the faults shown
in Fig. 34.

McLaughlin (1978) completed a detailed geologic map of part of the Geysers
geothermal area. Although he did not discuss or classify the faults, he does show
closed depressions and fault scarps. Only part of the Maacama fault and fault A
were within the area he studied. He depicts fauff A as bardcritﬁ Quaternary
ﬂwnuszMEﬂg one location in the study area (Fig. 3D)%

Pampeyan's (1979) fault classification map covers all of the study area
south of the 39th Parallel. 1In the Hopland quadrangle, he shows six Holocene
faults, all of which are shown on a later map by Pampeyan and others (1980 and 1981,
discusaed below)., Pampeyan depicts one of these Holocene faults as extending

through the Highland Springs quadrangle into the area of fault C in the Asti quad-

* MeLaughiin (oral communication, Az lsz) desceibed this contielas Lerrace a@ymlﬁ which srent d@ﬂﬂﬂ’édf

e ‘ b,
a/é Fanl! scan mﬁ"/ své / m,@f ﬁ/ﬂ'dé.i‘d‘ffa/;ﬁt Wﬂm d-'d/ﬂ? ; f
fi?% dlm Lalt x?é‘w e aPmquu/ m&/aéaw lZ: .ﬁ{uy t v At Hi5 @r&m’ o Tirece

=

TDG\AI ) ,‘."k
W'}fs’ a5 Abbons oo but he notes (’Haéé;a#fzﬂ( haosis moa WMM’AM”M

JM. .
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rangle (Fig. 3D). Within the Asfi quadrangle, he shows only the Maacama fault
and fault € as Holocene in age; He coﬂcludeé that the Chianti fault'and fault

B are late Quaternary and that fault A is Quaternary. He also concludes that
the westerly branch of the Chianti fault, currently zoned (CDhMG, 1976; see Fig.
2), is of unclassified age (no evidence to suggeat movement has occurred along
it -during the last 12 million years)}. Two other faults east of the Maacama
fault are shown as late Quaternary in age; all other faults are shown as lacking
evidence of Quaternary movement.

Pampeyan and others (1980 and 1981, the two of which are identical) have
delineated the Maacama fault zone in and beyond the northern part of the area
studied (Fig. 34 and 3B). They show "lineaments and features interpreted to be
the result of recent (Holocene) movements within the Maacama fault zome". Their
map is annotated somewhat, but they state (p. 5) that only "especially clear"
features are noted. Some of the faults they show lack any annotations; In the
ares studied, they show a zone of faults about two to five miles wide (see
Figures'BA and 3B). They state (p. 16) that the Talmage fault (their name for
this segment of the Maacama fault) appears to die out between the U.C, {Hopland)
Field Station (Fig. 3A) and McDowell Valley (Fig. 3B). North of this area, they
report the fault is well defined. To the south, they note there are fewer geo-

" ..some cracks

morphic features indicative of recent movement. They also report
and a subtle west—facing scarp in the pavement of California State Highway 175
(Highway 16 on Fig. 3B) and {an) adjacent side road... in line with a faulr contact
in the roadcut...", but that the cause of these features has not been determined.
In one paragraph discussing the faults along Parsons Creek (Fig. 3A) and the

Russian River (Fig. 3B), they cite a "paucity of'ephemeral fault-break features".

They conclude that these latter faults may not have been active since the Pleistocene.

10



FER 124

Upp (1981) depicts a fault zone up to 4 miles wide in rhe area studied

-
(Fig. 3A, 3B, and 3C). He attempted not only to identify Holocene faults, but iﬁ;
also indicate how certain he was that movement had occurred along each fault ;-

strand during the Holocene. He also noted the geomorphic and other evidence he éi
used to determine recency and location of such faults. Upp notes (Appendix A) ;?

"
that many landslides have masked the location of the Maacama fault south of ,;

McDowell Valley but that the prominent sidehill valley ia Section 13, T i; N, §9

1% eendainly dhe result of Holoeene movement, Similarly, he believes one of the tracoe AR neatid
R 11 W (Fig. 3B%Nand one locared in and northwest of Section 30, T 14 W, R 11 W

(Fig. 3A) are certainly Holocene faults. In a gemeral statement, he attributes
many of the other features he depicts to non—tectonic causes (bedding & land-

slides) or pre-Holocene faulting.

5 Air photo interpretation.

USDA (1952a; 1952b; 1963), U.S. Geclogical Survey (1973 and 1974), Cart-
wright Aerial Surveys (1963; 1965) and NASA (1972) aerial photographs were inter-—
preted for the purposes of verifying and supplementing the evidence of Holocene
movement along the faults mapped by others (see section 4). Clear evidence of
recent (Holocene ) faulting was observed only along a fairly narrow zone of faults
depicted on Figures 4A, 4B, 4C, and 4D. Locally this =zone is almest 1 mile wide,
primarily where complicated by landslide movement or lateral spreading.

Much of the study area consists of Franciscan bedrock, which includes
resistant bodies of greenstone and sandstone (as well as other rock types) and
clasgie Francisean melange. The main active fault zone mostly traverses laﬁdslide-
mantled melange terrain.l In several places, either the faults have not propogated
through the landslide deposits or the diagnostic geomorphic features indicative of
Holocene faulting have been obliteratéed by downslope movement. Even so, features

suggestive of Holocene fault movement are sometimes present in the landslide areas,

11
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although some of these features may have been created wholly or partly by land-
glide movement.

In and northwesat of Section 30, T 14 N, R 11 W (Fig. 4A) , the Maacama
fault is very well-defined by ébundant geomorphic  features indicative of probable
Holocene strike-slip displacement (see Fig. 4A). Hagan Lake, to the south, may
be either the result of fault movement, landslide movement, or both. Betwzen
Section 30 and Hagan Lake the location of the fault is less obvious and it appears
the zone may be sliphtly more complex. South of Hagan Lake the fault is obscured
by massive landslide deposits.

Between Parsons Creek (Fig. 4A) and State Highway 16 (Fig. 4B) are sev-
eral closed depressions which indicate the fault takes a rather curious bend. It
appears the course of the fault may be controlled by bedding or older faults in
Section ?, and in Sections 15 and 16 is net very well displayed on the photos
interpreted. These features may also have, at least in part, resulted from down-
slope movement.

South of State Highway 16 (Fig. 4B) there appears to be a large shutter
ridge which once closed off the MeDowell Valley. Several features permissive of
recent faulting (e.g., linear drainages and broadly deflected drainages) are
present on the eastern side of this ridge. Several ponds aud reservoirs are also
présent in McDowell Valley, but no clear, well-defined fault features align with
these depressions. Along the west side of the shutter ridge, hoﬁever, is a seriea
of small drainéges that are right-laterally deflected systematically along one or,
in some places, two lines. A northeast-trending scarp (in sections 21 and 22)
appears to connect this western zone with the northward continuation of the eastern
zone, suggesting that the zone of active faulting may have shifted westward in

very recent times,

12
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The active fault is fairly well defined between Pieta Creek (Fig. 4B)
and the southern end of the shutter ridge described above. South of Pieta Creek,
the fault crosses an area of large, complex landslides. Several of the features
shown between Pieta Creek and Big Sulphur Creek (see Figs. 4B, 4C, and 4D) may be
fortuitously aligned landslide features. However, many of these features may have
resulted from fault movement (in situ) or have been displaced downslope after
faulting. Four aligned closed depressions in Sections 12 and 13 (T 12 N, R 11 W,
Fig. 4B), probably are fault-produced features or are ridge-top tremches and uphill-
facing scarps of probable gravitational origin (see Radbruch-Hall, 1978).

The precise location of the active fault is mostly obscured by landslides
or masked by the Franciscan terrain in the Cloverdale and northern Asti quadrangles

_ along the main Maocama Fautt anl fault A
(Fig. 4C and 4D), Some features suggestive  of recent faulting are present in the
Asti quadfangle just south of Mendocinoc County. Considering the characteristics
Magcama

of the,fault to the north of the Cloverdale quadrangle and to the south of Big
Sulphur Creek, it is likely that the active fault traverses this area (mostly
concealed by landslide deposits) as shown on Fig. 5B.

South of Big Sulphur Creek, two possible fault zones are plotted on Fig.
4D. The eastern zone is marked by numerous fault-produced geomarphic features
and is almost certainly Holocene-active. Features along the western zone are
permissive of Holocene activity but most probably have resulted from differential
erosion along.an old fault. This western zone of features could only be folloyed
for about 2-1/2 miles, but is aligned with the broad deflection of Big Sulphur
Creek to the north.

All of the features and trends noted by Upp (1981), Pampeyan, et al (1980

& 1981) and Harding-Lawson Associates were checked and selectively annotated in

red on Figures 3A ﬁﬁﬁé;; Some of these features were verified (see Figs. 4A and

13
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Aﬁ) and have already been briefly discussed. All other features they note appear
to be the result of landslide movement, differential erosion, or other non-tectonic
causes. Many of the "fault" trends do not appear to be the simple, throughgoing
faults they depict, and lack good evidence of holocene movement.

All of the faults and features noted by various workers inm the Cloverdale
{ o zenged I,Aﬁaf'{‘m)
and Asti quadrangles (see Figs. 3C and 3D) were also checked. As noted above and
on Figs. 4C and 4D, some faults were verified and appear to be sufficiently active
of o then wrorvdars (\ej ‘,ﬁ'md:{.f??'?_.; Ko Mﬁ-ﬂ%«,ﬁ&@jﬁﬂ’%gﬂbJ??&)

and well-defined. All other faultaqdo not appear to be sufficiently active or
well-defined, or both. WNo clear geomorphic evidence was noted that would support
the existince of a Holocene fault near Dutcher Creek Road {(8W corner of the Asti
guadrangle), although a pre-Holocene fault is evident in exposures and on the
photos interpreted. Neither could this investipator verify the exiatance of a

recently active fault in Sections 33 and 34 (T 12 N, R 10 W) and 2, 3, and 11

(T 11 N, R 10 W) as mapped by Herd, et al (1977) (see Fig. 3D).

6. Field Investigations.

A reconngissance of the study area was made primarily to field check
selected areas for faultr creep., Wo such evidence was found. The eracks reported
by Pampeyan, et al (1980; 1981) near State Highway 16 (see Fig. 3B) appear to be
the result of slope failures. As noted in FER-111 (Smith, 1981), the fault exposure
reported by Pampeyan, et al, adjacent to State Highway 16 was obscured by landslide
debris,

Hart and Rice (personal communications, August, 1981, based on chserva-
tions made some years ago) both reported observing that the pavement of Dutcher
Creek Road was cracked and two of the painted lines appeared to be left-laterally

offset. On trend, a fault is exposed in the adjacent road cut. Hart also stated
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that not all of the painted lines were offset, and that he was not sure fault
creep had caused the disturbances, The site was field checked in August, 1981.
The pavement on trend with the exposed fault has been abraded by road maintenance
crews, énd the offsets of the painted lines could no longer be observed. The
roadway is severely cracked for several hundred feet on either side of the faulr
exposure. The roadcuts have failed in several places. All of the observed
damage appears to be the result of highly expansive materiala. Nowhere wers any
left-stepping, en echelon fractures indicative of right-lateral strike-slip fault

movement observed.

7. Seismicity.

The seismicity of the study area has been well-documented only since
about 1972 (Marks, et al, 1978). 1In 1977, Dames and Moore conducted a detailed
study of thegﬁﬂgsmicity along the Mascama fault. They state that the apparent
lack of recorded earthquakes in the area is probably related more to the detection
capabilities of the U.S5. Ceological Survey and University of California seismic
networks than to the lack of seismicity. Dames & Moore directed their efforts at
detecting microearthquakez along the Mascama fault zone. While the seismographic
record from 1906 to 1976 does not ciearly show a zone of greater seismic activity
along the Maacama fault, the Dames and Moore microseismic survey, conducted over
a 72-day period ending September 23, 1977, does appear to document seismic activity
associated with the Maacama fault, The zone of activity seems to be centered about
2 to 3 miles east of the mapped trace. ‘Dﬁmes and Moore reported that the fault
plane solutions were conaistﬁnt with right-lateral, strike-slip movement. Marks
and Bufe (1978a; 1978b) and Bufe,.et al (1980) have documented thét this zone of

microseismicity extends southeastward to beyond Santa Rosa.
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A 4.8 earthquake occurred nsar Willits, to the north, on November 22,
1977, just after the Dames and Moore study concluded. Simon, et al
(1978) suggested, based on UC Berkeley data, that thls epicenter was
located about 9 miles east of qhe Maacama fault; however, this earthquake
a1nce

may have occurred on the Maacama fault creep was reported in Willits

shortly after that earthquake {Harsh, et al., 1978)

8. Conclusions.

The presence of geomorphic features indicative of Holocene movement
along a narrow, fairly #ontinuous zone of locally well-defined faults
indicates that the Maacama fault is active (Holocene). The fault is
locally very well-defined, especially near Morrison Creek {Fig. BA), in
some places south of State Highway 16 (Fig. 4B), and in the southern part
of the Asti quadrangie (Fig. 4D). Other segments of the fault are local-
1y obscured by landslides, notable just north of the county line (Fig. 4C)
and north of Big Sulphur Creek (Fig. Lp),

Numerous other active or potentially actlve faults have been mapped
by various workers (see item 4), but there is little evidence to Indicate
that they are active and most are not well-defined. Of the faults cur-
rently zoned on the Asti quadrangle, it appears the unnamed fauit (fault B)
in the southwestern corner of the Asti quadrangle is not recently active
based largely on the lack of ephemeral, fault-produced geomorphic features.
mhe damage reported as evidence of possible fault creep does not appear
to be tectonically caused. Data to support Holocene movement of fault A
is equivocal, at best, especially since geomorphic evidence of recent
movement is lacking. The Chiénti fault, also currently zoned, appears

to be fai?ly well-defined in part and not well-defined elsewhere, and
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lacks clear evidence of Holocene displacement.

9. Recommendations:

Based on the information summarized herein, the Maacama fault
should be zoned approximately as shown on Figures 5A and 5B. All
other faults currently zoned should be deleted. The following re-
ferences should be cited on the revised $SZ maps (*denotes primary
references used):

Purdys Gardens and Hopland quadrangles: Pampeyan, et al (1981):

Upp (1981); and this FER*.

Asti quadrangle:’ MeLaughlin (1978)*; and this FER%,

10. Investigating geclogist; date:

THEODORE C. SMITH
Assocliate Geologist
RG 3445, CEG 1029

Date: July 5, 1982
TCS/smr

" generally concur with the observations, conclusions and recommendations,
but have added additional comments in pencil to Figures 4 (A, B, C, D)
and 5 (A, 8). Other minor adjustments may need to be made in order to
be consistent with the zoning decisions elsewhere along the Maadama fault
zone.,

{sen} EARL W. HART
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